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(71) We, Commissariat a i."Fni roii 
Atomioi ']■", an organization created in 
Prance bv Ordinance no. 45-2563 of October 
1 St h, 1945, 29 rue de la Fedcrat inn. 75 
Pari. (France), do hereby declare the inven- 
tion, fur which we prav that a patent may 
be granted to up, and the method by which 
ii is to be performed, to Iv particularly 
described in and by the following slate- 
mem ■ - - 

fh.e present invention relates to repn 



die foci] length of the objective e.g. Ixriween 50 
15 mhi and 5o mm and the refractive index 
ol "U^e or each lens of the iirou]> Iving 
meatVr than 1.75; a fourth LM-uip formal by 
a single divergent lens, iia^in: a refractive 
index, of le >s than 1.55, for c- urectii:j the 55 
curvature ol the lie 1<1 and the Pet/val curva- 
ture, the power of the single divergem lens 
being determined bv the Pctevui correction 



Thi 



s invention is particularly applicable 60 



du.*!!on objectives, that is to say objective*. to objective. ; hiving a magnification of th 
intended for the reproduction for example 
of plans, documents or drawings. The in- 
vention is more particularly, but not exclu- 
sive!/, concerned with objectives of this 
type which have a given magnification 
(lower than 1) and which are intended to 
product reduced images with excellent defi- 
nition, in particular for making printed 
circuits of small dimensions of microeircuits 
o{ the integrated circuit tyj>e and microfilm < 
of substandard format (smaller than 35 
mill meters ( mm ) ). 

An object of the present invention is to 
provale reproduction objectives having coed 



order of l b) and an aperture n sine of 
the order of 0.50 for the manufacture of 
mien vircuil*.. 

For a better understanding of the inven- 65 
t;on reference will now lv mad*:, bv w i\ of 
example, to the accompany ing drawing 
which is an axial sectional view of the lenses 
of an objective constructed according t * the 
present inven! ion, : how ing the path-; of a 70 
certain number of luminous rays i shown in 
.solid Jines) at a greater or lesser distance 
bom the ojuical axis (shown in a dot-dash 
hue ). 

life objective shown in the drawime. has 75 



definition, as a result of the elimination of a. verv Lug.- aperture In sine <>--i>5M. a 
the various aberrations, and having a laree 
a per lure. 

.'Vcordim: to the present invention, (here 
is provided an objective for high defmit-on 
reproduction, of larger a|vrture and having 
• i ' veil ma eni heat ion, the objective con- 



geven magnification of 1 10 and an avaag* 
definition, n, a held of 3.; mm diameter, of 
IA 0 lines nun for the e line of me:cui a 
'of wave length 455X angstrom.*). Ibis ob- 
jective comprises four groups p jp )\\ \\ 
of lenses of common optical axb. \ \ . 



sisiine of the fdl. twine croups (taken fr.au namely, from the object plane (not si-.'.-, a) 
35 the object to the image) of lenses; a 1 u o io the "image plane Pi : 



iiroup formed h\ a tust ongle leu of h en 
refra.aive index, the bval iength of which 
single len- b, of the order of ten time> die 
f oe! Iene:h of the objective, said -ir.ele len- 
40 deter mimne the maun i:':e cl ion il. v,ei i! ei 
1 i I the reproduction; a -umui f. val -rap. 
haviae, a local lemeth a! lea a five limes 
me.o.u- ih.m tha' A said mm leu - fa r : 
ere • >v cb. c- ri e. te: • a'mu rat; :o in! ! • d a e i 
bv t;e leiis -a' iueos ,-f the limd m'oup. a 
bard m- up. fumed b;. • a, u\i um!e !em 
•a- Iv- o lea e . w :u, h eia:iia,s t : ; a p« av a 
» i *: e » m utiv e. me S *.a! hewta f ba- 
rn :g f vme of ti: • •• aac order of M/: 



bust of all. a I'm t group I formed b. a 
single lens A (limited bv (he surface- i and 
2 ► of I, av power <ii , f aai lenglii hcim.- 3 a 



mm lor an ob;.al situated at ■' 
the from Mumcc 1 of On . len . 
fiuciiv e index ( 1 .S for the ,/ I 
f w iv • lemah 5S7- au-mr, m 

- tba.l tie . !e:w mm :asa ' ' 
a ".am of ami ration.. i be le: 
detei ;;a:a i be m.icm'm a; :■ a i . 
■ rite i em mcti< -a. u use'--. ; i 
•e Vu a I! Ill .a : I\ 
• in the deuaf u m t 



' mm t;o-a 
of high re- 
■ i belt :m 

i fu> imc) 

A. which 
mil. • . 3 ) 
; e e . f the 
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luminous rays) to operate as if it were oper- 
ating for an object situated at infinity, due 
to the fact that the object to be reproduced 
is substantially in its object focal plane. 
5 The magnification of the objective can thus 
be changed by substituting for the lens A, 
which is thus preferably .removable, an ana- 
logous lens having a different focal length. 
The objective comprises next to a second 
10 group II of lenses which is a practically 
afocal group, that is to say without power, 
formed advantageously m by seven lenses B, 
C, D, E, F, G, H (limited by the surfaces 
3 to 15 as shown) intended to correct pro- 
15 gressively the aberrations introduced by the 
lens J of the third group III which is a 
convergent group. The high number (of the 
order of seven) of Idnses of the second 
group permits progressive correction to be 
20 made resulting in an otnective quality, which 
would not be possible If a corrective group 
were used having a -smaller number of 
lenses operating at the limit of their possi- 
bilities for achieving large corrections. The 
25 lenses of the second group correct in par- 
ticular the anti-nodes of spherical aberration 
and of curvature of the field, the variations 
the 2/3 field. These lenses can be grouped 
of coma between the edge of the field and 
30 in four successive sub-groups lla, lib, He, 
lid, namely: 

— a first sub-group IJa comprising two 
lenses B and C of rather high refractive 
index (1 :72) intended to correct in part the 

35 spherical aberration and the curvature of the 
field; these lenses have focal lengths of 98 
and 78 mm respectively; each of these lenses 
works at an average aperture of F/3 about; 
in variations, the lenses B and C can be 

40 grouped in a single lens, thus decreasing 
the aperture of the overall objective, or on 
the contrary, a third lens can be added to 
the lenses B and C (the three-lens sub- 
group having the same power as the original 

45 (two-lens sub-group Ila), which would per- 
mit the aperture -of the objective to be 
increased; 

— a second sub-group 116 formed by a 
single bi concave lens D, hence divergent, 

50 of focal length — 78.1 mm which permits a 
correction of the spherical aberration anJ 
of the external coma while improving the 
Petzval curvature; 

— a third sub-group lie of very low 



power (focal length — 2,219.7 mm) having 55 
two lenses E and F cemented together; the 
difference between the Abbe numbers (60 
and 28) of the two lenses E and F permits 
the chromatic aberrations to be corrected, 
whereas the difference between the refrac- 60 
tive indexes (1.620 and 1.731) of the two 
lenses permits, due to the curvature of the 
cemented surface of these two lenses, a cor- 
rection of the anti-nodes of spherical 
aberrations; 65 

— a fourth sub-group 1 Id having two lenses 
G and H achieves the correction of spheri- 
cal aberrations and of a part of the external 
coma introduced by the lens D; by way of 
a variation, the lens G, of glass of refractive 70 
index 1.62025, could be chromatized with a 
lens of glass of the same refractive index 
and of different Abbe number, which will 
improve the chromatism of the whole. 

Next the objective comprises a third 75 
group III formed by a single lens J (between 
the surfaces 16 and 17) which determines 
the power of the objective, the focal length 
(23.23 mm) of this lens being slightly 
smaller than the focal length chosen for the 80 
objective (26.7 mm). The lens J is of a 
glass of high refractive index (1.8). The 
aberrations that it brings, due to its con- 
siderable convergence, are practically all 
compensated by the lenses of the second 85 
group II. By way of a variation, this single 
jens J could be substituted by two lenses in 
order to increase the aperture of the over- 
all objective, the group of two lenses also 
having a focal length slightly smaller than 90 
the focal length chosen for the objective. 

Finally, the objective comprises a fourth 
group IV formed by a single divergent lens 
K (limited by the surfaces 18 and 19), of 
low refractive index (1.516), placed in the 95 
neighbourhood of the image plane Pi of the 
objective and intended to correct the curv- 
ature of the field and the Petzval curvature 
of the objective. 

In the drawing, the paths of a few rays 100 
have been shown, including the rays r, at 
F/0.87 and r 2 at F/0.97 when the objective 
works at infinity, for the wave length 4358 
angstroms (g line of mercury). 

The characteristics of such an objective, 105 
constructed by way of a prototype, are given 
in the following table: 
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The object i\e acc« uOini: to the prcccdim: 

table, which convsp. mds to Oie drawine. ha- crilvJ above are the following: 
been espccialK studieJ for the e hue of mer- 

45 cury iof ua\c lemeth 455s ancMiom-o for - focal leneth : 

when the dchmtnm b the Ivst las indicated extension from the ohjccliw 

prc\i.m>!\. Oic .r.craec definition of the ob- to iniinii s 

jecTi\e. in ;i held . f 5.5 mm di. under, b I ^oo magnificat i. >;i : 

line- mm fa the .; line of mer\.m\». distance fio m (h,« object t 



h-' characteristics of the objective des- 60 
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lucti-m a vine h.n 
b '-s to repr.. -ducliofi oojecmes in th,e prior 
- r 0 numerous aJ\a:i!a-'e- . in pm in n'ai the 
fdi-sci:.-: 



It permits printed microcircuits to be 
manufactured in a very precise manner. 

WHAT WE CLAIM IS: — 

1. An objective for high definition repro- 
5 duction, of large aperture and having a given 
magnification, the objective consisting of the 
following groups (taken from the object to 
the image) of lenses; a first group formed by 
a first single lens of high refractive index, the 

10 focal length of which single lens is of the 
order of ten times the focal length of the 
objective, said single lens determining the 
magnification (lower than 1) of the repro- 
duction; a second focal group, having a 

15 focal length at least five times greater than 
that of said first lens for progressively cor- 
recting aberrations instroduced by the lens 
or lenses of the third group; a third group, 
formed by a second single lens or two lenses, 

20 which determines the power of the objective, 
the focal length of this group being of the 
same order of size as the focal length of the 
objective e.g. between 15 mm and 50 mm 
and the refractive index of the or each 

25 lens of the group being greater than 1.75; 
a fourth group formed by a single divergent 
lens, having a refractive index of less than 
1.55, for correcting the curvature of the field 
and the Petzval curvature, the power of the 

30 single divergent lens being determined by 
the Petzval correction to be effected. 

2. An objective according to claim 1, 



in which said first single lens is removable 
from the objective to permit the replace- 
ment of the first single lens by a similar 35 
lens of different focal length. 

3. An objective according to claim 1 or 
2, in which the second group is formed by 
four successive sub-groups, namely: a first 
group of from one to three lenses, for cor- 40 
recting in part the spherical aberration and 

the curvature of the field; a second sub- 
group formed by a single biconcave lens for 
correcting the spherical aberration and the 
external coma; a third sub-group having two 45 
lenses cemented together and having different 
Abbe numbers and different indexes of re- 
fraction to correct the chromatic aberrations 
and the anti-nodes of spherical aberrations; 
a fourth sub-group having two lenses for cor- 50 
recting the spherical aberrations and a part 
of the external coma. 

4. An objective substantially as described 
hereinbefore with reference to and as illus- 
trated in the acocmpanying drawings. 

FORRESTER, KETLEY & CO., 
Chartered Patent Agents, 
Jessel Chambers, 
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London, W.C.2. 
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Agents for the Applicants. 



Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd. — 1970. 
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, 
from which copies may be obtained. 




1215942 COMPLETE SPECIFICATION 

SHEET drawing is a reproduction c 

the Original on a reduced zcaU 





A 

\ 



* 



